geometric primitives. Participants either compared them Next, to identify underlying morphological abnormali-(match condition; Figure 1A ) or determined whether they ties, participants were studied with high-resolution could be assembled into a square (construction condistructural MRI. We wished to canvas the entire brain tion; Figure 1C ). While object matching is a visuopercepfor significant morphological alterations without being tive task known to engage the ventral stream, the objects constrained by anatomical landmarks. For this, we empresented here were mainly defined by the relative orienployed voxel-based morphometry (VBM), a widely used tation of elementary border features and were thus exand validated (Good et al., 2002) method that can be pected to activate the dorsal pathway as well. The consensitive to disease-related alterations that are not disstruction condition, modeled after the classic block cernible using conventional MRI analysis (May et al., design task (Wechsler, 1997) , additionally required vi-1999) and that was recently applied to participants with suospatial constructive function. In accordance with WS who have mental retardation (Reiss et al., 2004) . the a priori hypothesis, while both groups activated the Pioneering work in Turner syndrome has demonstrated ventral stream equally well, participants with WS the feasibility of localizing regional structural alterations showed a significant hypoactivation in dorsal stream in the setting of haploinsufficiency using a combination areas in the match minus motor contrast ( Figure 1B ; of VBM and deletion mapping (Good et al., 2003).
Supplemental Table S1 at http://www.neuron.org/cgi/ Finally, since our results suggested a close link becontent/full/43/5/623/DC1). In the construction minus tween structural and functional abnormalities, we emmatch comparison, designed to isolate visuospatial ployed path analysis to understand the functional inconstructive function, normal controls activated the dorteractions between visual brain regions in WS. This sal stream bilaterally, whereas participants with WS technique, widely applied in neuroimaging, takes into showed no significant activation (Supplemental Table  account so (significant at coordinates 49, Ϫ57, 15, z ϭ 5.38; for interaction was found. Similarly, inclusion of age as a confounding covariate did not significantly alter the findmatch minus construction, Ϫ61, Ϫ34, 15, z ϭ 3.55; for motor minus match, Ϫ57, Ϫ57, 11, z ϭ 4.68). To exclude ings in any contrast. Attention to Object or Location the possibility of an influence of performance, which was worse in participants with WS in the construction In the final fMRI experiment, we used real-world stimuli (faces or houses) in a task of visual attention to either but not the matching task (Table 1) , we used performance as a covariate in the statistical analysis. No correlocation or content ( Figure 1E ), previously shown to reliably and differentially delineate the dorsal and ventral lations of brain activation with performance were found within groups for any condition, and no group by task streams, respectively (Haxby et al., 1991). This experi- Table S5 at http://www.neuron.org/cgi/content/ response to different object categories (faces and houses) indicated no difference between groups. This was confull/43/5/623/DC1): early visual areas, the most activated ventral stream region, the structurally changed PS refirmed with conjunction analyses showing highly significant joint activations of individuals with WS and controls gion, and a dorsal stream location of pronounced between-group activation difference. The model was in the fusiform face area for faces (coordinates 27, Ϫ46, Ϫ15, z ϭ 5.52, and Ϫ34, Ϫ53, Ϫ15, z ϭ 4.82) and in BA based on well-known anatomical constraints and was similar to previous path analyses of the visual system 18 and 19d for houses (coordinates 0, Ϫ84, 4, z ϭ 6.16, and 57, Ϫ49, 4, z ϭ 6.13). No regions were more active (McIntosh et al., 1994). We obtained a well-fitting model for both participant groups and then tested each path in WS in any contrast. Single-subject analyses in native space again confirmed these findings (Table 2) Reported locations are those significant at a multiple comparison voxel threshold of t ϭ 6.1 (p Ͻ 0.05, corrected). Specifically, our data suggested deficient input from PS findings from the attention to location task, the match condition, and the construction condition were strikingly into the later dorsal stream as a mechanism for the consistently observed hypoactivity in these regions. We similar in their extent and locale, both in tasks where participants with WS performed normally and in those tested this hypothesis directly using path analysis, which showed that our functional data could be acin which they performed worse than controls. This suggests that these findings reflect a consistent dysfunction counted for by an absence of the functional path from PS to the later dorsal stream in participants with WS, in WS and were not attributable to performance differences. Rather, our interpretation of these findings is confirming the critical functional role of decreased input from PS. This proposed mechanism might also explain that this hypoactivation reflects a persistent functional deficit in WS that may become rate With respect to the debate about the modularity of been proposed that the baseline state reflects ongoing conceptual processing or social cognition (Binder et mind, our data suggest one mechanism by which visuospatial cognition could be selectively impaired in WSal., 1999), our observation might also indicate relatively increased task-unrelated activity in these domains in that is, because this impairment is due to hypofunction consequent to a localized structural-functional abnor-WS, suggesting further study. Unlike our PS finding, less agreement exists between mality in a system which is itself highly modular and hierarchical in design. Conceivably, the impact of either our other morphometric findings and previous studies of the brain morphology in participants with WS and less or differently localized pathology would not have been as relatively modular in this neuropsychological mental retardation ( under the cross. In motor control, each presentation was of a matchParticipants with WS were identified from a large sample of adults ing pair, and the same button was pressed. In the matching task, with WS who had previously participated in behavioral studies cona shape was presented with either an identical copy or its mirror ducted by C.B.M. Participants were selected because their IQs were image. Participants pressed one of two buttons depending on within the normal range for the general population. Exclusionary whether or not they were the same. In square completion, particicriteria were chronological age Ͼ50 years (one individual excluded) pants were instructed to determine whether or not the two shapes or current treatment with psychotropic medication (one individual could be fit together to make a square without flipping them over. excluded). Of those identified, all but three decided to participate Performance data are summarized in Table 1 . in this study. For the present study, IQ was ascertained using the two-and four-subset forms of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999) 
Discussion

